In adult mammals numerous target tissues and organs for estrogens exist. Little is known about possible target organs during embryogenesis other than the reproductive tract and the gonads. This is the first report on the expression of estrogen receptor beta (ERb) in comparison with ERa mRNA during mouse embryogenesis. We found expression of estrogen receptor mRNA in the reproductive tract, but also in the atrial wall, brain, kidney, urethra, bladder neck, mammary gland primordium, midgut, cartilage primordia and perichondria.
Introduction
Estrogens are steroid hormones that regulate female reproductive organ development and functioning upon binding to specific receptors. However, estrogens have many more target tissues both in male and female vertebrates. The effects of estrogens on these targets can be very different and a single compound can be an agonist in one tissue while being an antagonist in another. The recently cloned ERb (Kuiper et al., 1996) has a different tissue distribution than the classical estrogen receptor (ERa). Differential binding and activation of ERa and ERb by estrogenic compounds (Paech et al., 1997; Kuiper et al., 1998) may explain some of the observed tissue specific effects. Stage specificity in estrogen action forms another level of complexity in estrogen action. Particularly exposure to exogenous estrogens such as diethylstilbestrol (DES) leads to abnormalities in the offspring with no effect in the mothers. We examined the expression pattern of mRNA for both estrogen receptors during mouse embryogenesis using highly specific probes showing the characteristic differential expression patterns of ERa and ERb (Fig. 1A,B ) in adult ovary and uterus (Kuiper et al., 1996) .
No expression was found in embryonic day 7.5 (E7.5) and E8.5 mouse embryos (not shown and Fig. 1C ) but at this time the decidua was positive for ERa. In the reproductive tract the earliest detectable ER expression occurred at E10.5 and was confined to ERb expression in the mesenchyme surrounding the mesonephric tubuli and mesonephric (Wolffian) duct of both sexes (Fig. 1D , Table 1 ). At this latter site ERa takes over ERb expression from E12.5 until E16.5 in male but only until E14.5 in female embryos (Fig. 1E,F sion reappears in the male at E16.5 (Fig. 1J ). Starting at E12.5 ERa was also expressed in the mesenchyme of the paramesonephric (Müllerian) duct. In females expression continued until E16.5 but in males it could not be detected from E14.5 onwards (Fig. 1G ). In the indifferent gonad expression of ERa was seen at E12.5. This expression con- E12.5 is indicated as 12.5 etc. T, transversal section; S, sagittal section; O, ovary; Ov, oviduct; D, decidua; Md, mesonephric duct; Pmd, paramesonephric duct; R, rib; M, mammary gland primordium; U, urethra; Mt, Müllerian tubercle; Ppus, pelvic part of urogenital sinus; Ig, indifferent gonad; Te, testis; Gt, genital tubercle; Gp, glans penis; Sf, scrotal fold; B, bladder; Pu, prostatic utricle; Pb, pubic bone. tinues in both female and male gonads, while at E16.5 additional ERb expression was observed in both sexes (Fig.  1I,J) .
Interestingly we found a number of sites of ERa expression that have not been described before (Greco et al., 1993) . ERa was found in the genital tubercle on E12.5 ( Fig. 1K ) and at E14.5-16.5 its expression continued in the glans penis but ceased to be expressed in the glans clitoridis where ERb was detected from E14.5. In E16.5 male embryos also ERb was detected in the glans penis (Fig. 1L) . At E14.5 ERa was found in the Müllerian tubercle and pelvic part of the urogenital sinus and in the urethra from E14.5-16.5 and in the bladder neck in E16.5 embryos (Fig. 1G,E,M) . In E16.5 males ERa was found in the prostatic utricle and scrotal fold (Fig. 1M) . Both ERa and ERb were expressed in the mesenchyme of the mammary gland primordium on E12.5-14.5 (Fig. 1N,O and not shown) . The earliest expression detected was that of ERa in the atrial wall at E9.5 which continued until E12.5 ( Fig. 2A,B) . ERb was transiently expressed at E10.5 in the heart mesentery ( Fig. 2C) . ERa was detected in the midgut at E10.5. Both receptors were also expressed in the renal cortex of males and females from E14.5 onwards (Fig. 2D ). In the brain of both sexes ERb was detected from E10.5 through to E16.5 while ERa was detected only on E16.5 (Fig. 2E,F) . In E14.5 embryos ERa was detected in the laryngeal mesenchyme in both male and female (Fig. 2G) . In the cartilage primordia of the ribs there was coexpression of ERa and ERb on E12.5 (Fig. 2H,I ) and in vertebrae primordia there was ERa expression on E12.5. Differential expression of ER mRNA was found around other cartilaginous tissues. For instance in E14.5 embryos ERb was detected in the perichondrium of the digits (Fig. 2J) whereas ERa was found in the perichondrium of the femur (Fig. 2K) where expression continued in E16.5 embryos. In E16.5 embryos ERa is expressed in the perichondrium of the pubic bone (Fig.  1M) . Finally, ERa was expressed in a layer of connective tissue surrounding the rectum in E16.5 males and females (Fig. 2L) .
Our data suggest that the 3H-estrogen or -DES binding in the mammary gland, brain, larynx, connective tissue around the rectum and pubic bone perichondrium noted before (Holderegger and Keefer, 1986, Stumpf et al., 1980 ) is due to expression of specific estrogen receptors. The specific expression patterns observed for both ERa and ERb suggests specific functions for these receptors during development. Surprisingly, in ERa knockout mice, expressing ERb only, no gross abnormalities have been observed (Lubahn et al., 1993) . Careful examination of these knockout mice together with ERb knockout mice and the data presented in this paper on ER expression may provide new insights in the role of estrogens in prenatal development. It will also be interesting to study if the tissues expressing estrogen receptors are targets for hormonal disruption through exposure to exogenous estrogens.
Methods

Probe synthesis
To detect mERa-and mERb-mRNA 35 S-labeled riboprobes for the ligand binding domain (a) or hinge region (b) were generated (mERa: nt. 929-nt. 1204; mERb: nt. 517-nt. 784) . A second mERb riboprobe consisting of nt. 35-300 was kindly provided by Göran Bertilsson. For the detection of mERb mRNA a mixture of both riboprobes in equal amounts was used.
In situ hybridization
In situ hybridization was performed as described by Feijen et al. (1994) . The sex of the embryos was determined by PCR on SMCX/Y (selected mouse cDNA on X/Y, Agulnik et al., 1994) on yolk-sac material. Females give a single band and males give two bands because of an intron difference between the X and Y genes. The PCR primers used are: SMCX-1 5′-CCGCTGCCAAATTCTTTGG-3′ and SMC4-1 5′-TGAAGCTTTTGGCTTTGAG-3′. To get the bright and dark field images superimposed in the same picture, slides were exposed twice; with a blue filter over the bright field image and a red filter over the dark field image. 
